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Abstract 

The current invention is an intelligent lighting device capable of being connected to a network 
and being controlled by a host computer also connected to the network. 
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1. Introduction 

This document describes the Intelligent LED Luminary system being designed by Dellux. 

• First, the Luminary itself will be described. 

• Second, fts integration into a communication network will be described. 

• Thirdly, e summary of the advantages of the invention will be given. 



1.1 Field of the Invention: Roadway Lighting 

The invention proposes to replace existing Roadway Lighting luminaries with luminaries using LED* 
(Light Emitting Diodes) as a source of light. 

1.2 First planned application; Tunnei Lighting 

Because of current LED limitations in terms of light emission intensity, the immediate application of the 
invention would be in an environment requiring lower, but well controlled, intensities. The first such 
application we propose to implement is for Tunnel Lighting, 

Existing roadway standards for tunne? lighting divide the length of the tunnel into a number of regions 
Each region requires a i.ghtir.g intensity thai increases as it is nearer the entrance/exit points (because 
cf the presence of higher illumination from the sun), and decreases towards the middle of the tunnel. 

As an example, conssoV the standard requirements specified by the I ESN A {Illumination Enoine-r* 
Society of North America) document RP22-96. The followino specifications are typical for the inne^ 
section of a tunnel: 

• Illumination Level: 

Luminance should be at least 5cd/m ? in daytime, 2.5cd/m 2 in night-time. 

• Illumination Uniformity: 

Rat : o of Average / Minimum luminance should be less than 2.0. ratio of Maximum / Minimum 
luminance should be less than 3.5. 

Our LED Intelligent Luminaries can be used directly in these inner sections (Interior Zone), and also in 
concer with existing standard luminaries as a hybrid system in the outer sections. 

1.3 Current State-of-the-Art 

The most common current technology for tunnel lighting uses HID (High-Intensity Discharoe) lamps 
powered with high-voltace (e.g. 300VAC to 400VAC). A typical system will use one 130W lamp per 
1.75m per road lane in order to satisfy the daytime specifications required in the Interior Zone of a 
tunnel. 
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2. Intelligent LED Luminary Description 



2.1 Physical System Description . 

The Intelligent LED Luminary is composed of the following parts: 

• An array of LEDs; 

• An optical system optimizing the LED light output; 

• A heat-dissipation system to reduce LED temperature; 

• An Electronic Circuit driving the LEDs; 

• A sealed case endcsing the above system; 

• A Power Suppty system (external to the Luminary). 



2.1.1 LED Array 

The light source of the Luminary is an array of individual LEDs, assembled on one or more printed 
circuit board sections, perpendicularly to their surface. The number and type of LEDs per section can 
vary, according to the luminance level required. 

As an example, a typical section can contain 730 LEDs, arranged in a rectangular pattern of 26x30 
LEDs. A typical Luminary can contain one or more such LED section. 



• 
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2.1.2. Lateral Diffusion Control 

Light distribution simulations show that K may be advantageous to spread laterally the light output of the 
Luminary, in order to obtain a better illuminance uniformity. 

The following process can achieve this; 

1. Install a number of LED array printed circuit boards (2-1) in the Luminary, in a single line forma- 
tion; 

2. Give a slight tilt angle (2-2) to the LED arrays so that they point towards the sides of the Lumi- 
nary. 

As an example, a typical LED Luminary can contain 2 LED arrays, with a tilt angle of 8 C in opposite 
directions for each pointed circuit board. 

See Figure i: Lateral diffusion Control 



2.1.3 Heat-Dissipation System 

LED light output gradually decreases with usage time. As an example, a typical LED will see its light 
outpuf decrease by 25 c /c after 100,000 hours. The rate of this degradation increases as the junction 
tempera:ure o' the LED increases. As an example, a typical LED will see the same degradation in 
140.00C hours a! 25 C C as in 110 : 000 hours at 60°C. It is therefore important to keep the junction 
temperature of the LED as low as possible, in order to increase its life expectancy. 

It is known th2t most of the heat generated by a LED (3-1) is dissipated through ' - *^s (3-2). In our 
LED Luminary we propose to minimize the LED junction temperature by maximizing the transfer of heat 
through the LED leads. The following process achieves this: 

1. Cut the LED leads as they stick out of the solder side of the printed circuit boards to a certain 
length L (3-S). 

2. Fill the space between the LED leads with a compound conductive (3-4) to heat but not to 
electrical current. This compound will cover the whole surface of the LED Array (3-11), on the 
solder side of the printed circuit board. The thickness T (3-10) of this compound will be slightly 
greater than L so (hat no LED lead extends to its limit. 

3. Apply a metallic heat sink (3-5) in contact with the compound mass, to dissipate the heat trans- 
ferred from the LED leads through the compound. This heat sink can be integrated to the body 
of the Luminary casing (3-6). 

See Figure J: Heat-Dissipation System 



2.1.4 Electronic LED Driver System 

Tne LEDs will be driven by an electronic driver system with the following characteristics: 

1. LEDs will be grouped in Chains of equal numbers of LEDs connected in series (4-1) Typical 
design: C=78 Chains of L = 10 LEDs each. 
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2. All LEDs Chains will be driven by constant current sources (4-2), in order to stabilize their 
luminosity and to maximize their life expectancy, which degrades faster if the LED current is too 
high. 

3. Each LEDs Chain driver will be under the control of a microprocessor (4-3), which can turn rt On 
or Off. 

4. The system will include a means (4-4) to monitor the current flowing through the LEDs Chains 
in order to identify defective LEDs. 

5. The system will include a means (4-5) to measure the luminosity of a typical LED in its array in 
order to regulate the Luminary output luminosity. 

6. The system will include a Lamp Status Indicator (4-6) visible from the outside, which will be 
activated by the microprocessor when the Luminary requires servicing. 

7. The system will include a bi-directional communications interface (4-7), through which the 
Luminary can be linked through a network to a Host computer 

8. The system will have a means (4-8) to set and record a unique network address, so that the 
Host computer can individually identify each Luminary. 

See Figure Electronic LED Driver System 



2.1.5 Sealed Case 

Aii the Luminsry parts described above are installed in a case (5-1), with a transparent face (5-3) in 
front cf the LED Array (5-4,. To ensure long-term reliability the case is environmentally sealed, so that 
dust end water cannot penetrate inside. 

The case has a s u .ape such that when the Luminary is installed in its normal position (e g. on the ceilina 
(5-2) cf a tunnel facing downwards), its light emission axis (5-7) is tilted by a certain anole (5-5) from 
the vertical (5-6; towards the incoming traffic (5-8). Light distribution simulations show that this allows 
oc-timizstion of tne illuminance. 

See Figure H: Seated Case 



2.1.6 Power Supply System 

The Luminary will be powered by a low-voltage source. As an example, a typical Luminarv can be 
powered by 24VDC with a current draw of 4 amperes. 

Since the main power source in a tunnel will typically be at 300-400VAC, e step-down adaptor will be 
used to power the LED Luminaries. A single step-down adaptor unit can be made to power a cluster of 
LED Luminaries. The number of Luminaries per cluster is chosen so that the total current drawn by the 
cluster is reasonable, allowing the use of norma' power cables. 

Possible step-down adaptors include: 

• A linear power supply, consisting of a transformer, a rectifier bridge and a filter capacitor: 

• A switching power supply: 

• A switching power supply with Power Factor Correction. 
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2.2 Intelligent Features 

The microprocessor-based design of the LED Luminary will allow the implementation of the following 
"intelligent* features: 

2.2.1 Variable Dimming Capability 

The output luminosity level of the Lumina7 will be adjustable by controlling the number of LED Chains 
turned On or Off (through On/Off Control Outputs 4-9). In our typical design containing 78 individual 
LEDs Chains per printed circuit board, the luminosity will therefore be continuously adjustable with a 
resolution of 100/78 = 1.28%. 

This method of dimming has the following advantages: 

1 . Advantage over proportional control of LED current: 

It maximizes the life expectancy of the LEDs by always using them at their nominal current, and 
keeping them On for a smaller proportion of time. This is because LED degradation falls down 
faster with respect to usage time than it does with respect to current 

2. Advantage over pulse-width modulation of the LED current: 

It eliminates power transients and Power Factor problems which could be caused by performing 
dimming over a large number of Luminaries through pulse-width modulation of the LED current. 



2.2.2 Long-Term Luminosity Degradation Compensation 

The number of LEDs required to generate the specified luminosity of the Luminary at the start of its life- 
cycle can be determined using the initial LED specifications. It is known that as the LEDs age. their 
output luminosity wifl gradually decrease, or ecuivalentiy more LEDs will be required to achieve the 
specified luminosity. 

Tne LED Array of the Luminary is therefore designed with a number of extra LEDs Chains sufficient to 
maintain its specified luminosity up to the end of its life-cycle. These extra LEDs Chains will gradually 
be used by the microprocessor as the Luminary ages. 



2.2.3 Light Intensity Self-Regulation 

It is known that for a given current, the output luminosity of a LED is dependent on the ambient 
temperature: LED luminosity is significantly higher at lower temperatures. The invention proposes to 
stabilize the overall Luminary luminosity under varying ambient temperatures, by implementing a Light 
Intensity Self-Regulation system. 

In addition to the LED Array, this system will use one (or more) Monitor LED (4-10) opto-coupied to a 
light intensity-measuring device (*-1 1). The purpose of this system is to evaluate the typical luminosity 
of the Array LEDs at any given time. 

Tne Monitor LED(s) will be identical to the LEDs used in the Array, supplied with the seme constant 
current (4-12). kept at the same temperature as the Array LEDs, and turned On and Off in such a way 
as to maintain the same long-term usage rate as the Array LEDs. 

The system will preferably use more than one Monitor LED (all of them being driven in parallel), for the 
followinc reasons: 
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1. To prevent failure of the Light Intensity Monitor mechanism should one Monitor LED fail. Al- 
though the probability of one LED failing is non-negligible, the probability of more than one fail- 
ing becomes exceedingly small. The Monitoring system can automatically adapt ff it detects an 
abrupt luminosity transition caused by a Monitor LED failure. 

2. To obtain a Monitor luminosity ^versged over more LEDs, which will be more representative of 
the typical luminosity of the Array LEDs. 



The light intensity-measuring device (4-11) coupled to the Monitor LEDs (4-10) is read by the 
microprocessor (4-3). By comparing the Monitor intensity to a reference value, the microprocessor can 
estimate the LED luminosity variations at any given moment and compensate by adjusting the number 
of LEDs Chains turned On, thereby regularizing the overall Luminary luminosity. 

This will have the following advantages: 

• Better energy efficiency: 

less energy will be required at lower temperatures to achieve the specified luminosity; 

♦ Better Luminary longevity: 

fewer LEDs will be used at lower temperatures, thereby minimizing their usage time. 



2.2.4 Automatic LED Usage Equalization 

At each stage in the course of the Luminary life, a variable number of LEDs Chains will be On or Off, 
according to the dimming level requested and the luminosity compensation mechanism. The micro- 
processor will keep count of the usage time of each of the LEDs Chain in the LED Array, and store 
these individual us=ce time values in non-volatile memory (4-13). 

When selecting which LEDs Chains to turn On at any given time, the microprocessor will automatically 
pr.oritize the use of LEDs Chains having the shortest usage time. This will ensure thai ail LEDs have an 
ecuo.^o^ usage time., with no LED degrading faster than others, therefore optimizing the kng-ieim 
luminosity degradation and stability of the Luminary. 



2.2,5 Chain Status Monitoring 

The system can monitor on-demand the LEDs integrity by measuring whether any LEDs Chain is open- 
circuited. A simpie way to achieve this function is as follows: 

1 . Turn Off ail LEDs Chains. 

2. At the common supply point of all LEDs Chains, install in series with the supply line a test 
optocoupier (4-4) input LED. 

3. Turn On one LEDs Chain; if it functions normally, the current it draws will turn On the test opto- 
coupler. If one or more LED in the Chain is open-circuited, the Chain will draw no cunent and 
therefore the test optocoupler will remain Off. The test optocoupler output is monitored by a mi- 
coprocessor input. 

4. Successively turn On each of the LEDs Chains in the LEDs Array and monitor them. 
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5. Once the lest is finished, remove the tesl optocoupler from the supply line and resume normal 
operation. 



2.2.6 Lamp Status Indicator 

The Luminary is equipped with a Lamp Status Indicator (4-6), visible from the outside of the case 
Under control of the microprocessor, this Indicator will provide the following information about the 
current state of the Luminary: 



Indicator State 


Status 


Description 


Off 


Normal 


Norma) operation 


Flashina 


No Communication 


The communication link with the Host PC is lost 


On 


End of Life 


The Luminary can no longer provide its specified 
luminosity, due to LED failure or degradation. 



Table 1: Lamp Status Indicator 



2.2.7 Soft Turn-On/Turn-Off 

In order to prevent power transients when the tunnel lighting is turned On or Off, or when its dimming 
leve. is cnanged, the microprocessor in each Luminary will automatically make any luminosity transition 
S-aeua!. This is achieved by turning LEDs Chain On or Off one by one, with e slight time delay between 



Page 7 



J 



CA 02336497 2001-02-14 



3. Intelligent Luminary Network Description 

3.1 Network System Description 

An integral pari of the Intelligent LED Luminary invention is the linking of a number of Luminaries to a 
communication network (4-14), and their control by a Host computer through this network This 
systems-level aspect of the invention brings a number of further capabilities and features. 

Any communication network allowing multidrop connection of a large number of Luminaries to a Host 
computer is suitable. As an example, the following protocols can be used: RS-485, Ethernet, TCP/IP. 



3.2 Communications Network Features 
3.2.1 Individual Luminary Address 

Each Luminary on the network will be assigned an individual, unique address. The system is desianed 
so that the Host computer keeps a record of the physical location of each Luminary, referenced by its 
network address. 

The address of each Luminary is stored in non-volatile memory (4-13) within its electronic circuit. The 
Luminary is equipped with an Address Setting Switch (4-8). accessible from the outside of the case. At 
system installation, this switch is activated to signal to the Host PC that the Luminary is requestino a 
network address, which is then generated and assigned automatically to the Luminary by the Host PC. 



3.2.2 Global Intensity Control 

The Host PC can control the overall, or Global, Intensity level of the lighting area. 



3.2.3 Intensity Control by Zone 

Because it has individual control over each 3ry 5 the Host PC can vary the Intensity level for each 

specific zone ci the lighting area. For example, the inner zone of a tunnel can be set to a lower intensity 
than an outer zone. 

The number, size and location of the lighting zones can be easily and arbitrarily modified throuch the 
Host software. 



3.2.4 Time-of-Day Intensity Control 

The Host PC can vary the Intensity level according to the time of day, and/or the ambient luminosity. 
This leve! can be optimized on a zone-by-zone basis, with the level in each zone varying according to 
its luminance needs : in order to maximize energy efficiency. 



3.2.5 Gradual Intensity Transitions 

Wnen chancing from one Intensity level to another, the Host can generate gradual Intensity transitions 
in order to maximize energy efficiency. 
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teselertme ^r^T 9 '" 9 fr ° m Ni9h{ t0 ° ay ' Umin5nce ,evels - a ^rete ~ntrol system would have 
to select the Day level as soon as morning ambient light starts to orow Instead iheHa-i Pr 
perform a gradual ramping between Nioht and Dav levels thArlhifw^L • »t * ■ Ho * t J PC 030 
consumption of the Day level and enhancing driver^ de,ay ' n9 the mCreaSed ene ^ 

3.2.6 System Status Monitoring 

The Host PC will poll each Luminary on the network at regular interval, to obtain Hs current statu* 
information. This information can be tabulated and logged. 

• Alarms can be triggered if any potential failure or degradation is detected; 

' retTr^seXi f c e ing rtS ^ * 9ener3,ed ' **" *" ,0C8,i ° n "* Wentifica « on °< each luminary 

3.2.7 Fail-Safe Features 

1. To prevent the loss of tunnel illumination under any circumstance (short of power failure) each 

' Sl f ° m ~1 Cal ' V feVer1 10 itS n0rT " al ,n,ensi, V leve ' " henever contacfwith the Host P? is 
lost for a time interval longer than an adjustable Communication Time-Out period. 

2 ' hv Upln^r f8 l ,U J, e ' l he SyS i. em Mn faCiIitSte the °enerat»on of emergency lightino backed up 

eke ^SXSSil^ ?P ' y - ) - r er9V consum P*>" «" be' reduced to "a minimum 
erthe, by greyly oimmmg the Luminaries, or by dynamically alternating the Luminaries in the On 

3.2.8 Vehicle Presence Detection 

£e*V°, ^U%%%l^ U T 0n ' lh£ n K ° St PC Can de<ect the presence of vehicles in the lightino 
d ese^ Thf, ^> t C £ Pressr> 5 e Detectors), and dim the Intensity level when no venule is 
K"' J £ h 3 S COm ' ng C£n be further ref,ned on s zone-by-zone basis as the vehicle moves across th - 
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Brief description of the drawings. 

Fig 1 shows the configuration of two LED arrays according to one of the embodiments of the 
invention. 

Fig 2 show a side view of an LED array having a heat dispersing assembly according to one of 
the embodiments of the invention. 

Fig 3 shows a diagram of the different parts of the invention according to one of the 
embodiments. 

Fig 4 shows the invention mounted on a ceiling according to one of the embodiments. 
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Lane Use Signals integrated into a luminaire 



Each luminaire will incorporate a set of diodes (besides the ones being used for 
lighting purposes) which will serve as lane use signals in order to inform motorists 
on current road conditions, A red X will indicate that the lane is closed. 
Furthermore, one or many other signals can be incorporated according to prevailing 
circumstances. A green arrow will indicate that the lane is open, and if motorists 
have to be instructed to change lane (left or right), a yellow arrow pointing in the 
appropriate direction can be displayed. These signals can have a continuous or 
flashing display and will be controlled by the operator. A command is sent by the 
system operator from a central computer connected by a communication link to 
each luminaire or luminaire's controller. 

When a lane use signal is being displayed, the operator can send another command 
to reduce the selected luminaire's brightness to the desired level, in order to 
enhance contrast for better visual impact of the signal, 

A detection and protection mechanism will prevent displaying more than one signal 
concurrently on the same luminaire in order to avoid confusion and potentially 
dangerous situations for motorists. 

An appropriate communication mechanism will return information to the system 
operator concerning the current status of the signals being displayed on the 
network's Juminaires. 




Red X Green Arrow Yellow Arrow Yellow Arrow 
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Dirt detection on the front face of a luminaire 



The purpose of the present invention is to detect the dirt level on the front face of 
luminaire. 



a 



The lummaire's light source sends out light outside the luminaire through a glass (or 
lens). When the front glass is clean, we notice that there is hardly any light reflection 
inside the luminaire. On the other hand, as the dirt level increases, so does the light 
reflection level. Therefore, a light sensor will allow us to measure the light level 
reflected inside the luminaire, determine the dirt level, compare both results with 
preprogrammed data in the microcontroller, and, if required, trigger an alarm 
informing the luminaire network operator of the current status. 

One or a few photodiodes or any light sensors, combined or not to diodes with 
visible or invisible spectrum (infrared, etc.) will measure the light reflection level 
inside the luminaire. 

One or a few light-emitting diodes with visible or invisible spectrum (infrared, etc..) 
can then be installed inside the luminaire and direct their beams of light towards the 
front face of the luminaire, using a predetermined angle. One or a few light sensors 
located in a specific place inside the luminaire will measure the light reflection level 
according to the dirt level accumulated on the front glass or lens of the luminaire. 

Furthermore, a compensation system will permit an increase in the lighting level to 
compensate for the loss of brightness caused by the accumulated dirt. The operator 
will determine whether this compensation will be performed automatically or on 
request only in order to preserve the life span of the light source. 



Luminaire's enclosure 




ensor 



Light sensors inside the luminaire 
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We claim: 

1 . A lighting device capable of being connected to a network. 

2. A lighting device capable of being connected to a network, substantially as decribed herein. 
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